The antibacterial activity of the essential oil from leaves of Juniperus phoenicea (Cupressaceae) and its chemical constituents were investigated in this study. The essential oil was obtained by hydro-distillation and analyzed by gas chromatography equipped with a flame ionisation detector (GC-FID), and gas chromatography coupled to a mass spectrometer (GC-MS). Sixty-three volatile compounds were identified representing 52 to 92% of the total oil compositions. The main monoterpenes were α-pinene (26.7-78.7%) and δ-3carene (7.6-15.4%). The antibacterial activity of J. phoenicea essential oil, when tested against both Gram-positive and Gram-negative bacteria, showed high activity against all bacteria tested, except Pseudomonas.
A large number of commercial antibiotics are used to control infections and diseases and these may cause lethal hypersensitivity reactions. In addition, there is a constant threat of drug resistance. Bacterial resistance to antibiotics often disarms doctors against some infections caused by bacteria [1] . It is, therefore, necessary to develop alternative and safe methods for controlling infections of the human body.
Some studies have confirmed the antibacterial activity of essential oils in vitro and have determined their chemical composition [2] . J. phoenicea L., family Cupressaceae, (Arabic common name, arâr), a small monoecious or dioecious Mediterranean tree, is found in mainly scattered populations in littoral sites [3a] . The combination of a wide geographical range and presence of dispersed populations makes it possible for a species to have a vast amount of genetic variability [3b]. In fact, many authors have reported the presence of intraspecific taxa based upon morphological [3c], biochemical [3d] and molecular data [3b,3e] . Recently, on the basis of Random Amplymorphics DNAs fingerprinting, Adams et al. [3f] distinguished between J. phoenicea var. phoenicea and J. phoenicea var. turbinata and affiliated populations. J. phoenicea is considered as an important medicinal plant, largely used in traditional medicine to treat diabetes, diarrhea, rheumatism, as an oral hypoglycemic agent, and as a diuretic [4] . The essential oils of leaves and berries of J. phoenicea possess antimicrobial activity [5a] . The essential oil of this plant contains monoterpenes, such as α-pinene, myrcene, 1,8-cineole and borneol as major components [5b]. These compounds possess strong antibacterial activities [6] . Considering the medicinal interest of the species, several studies related to the chemical characterization of its essential oil were performed. However, these studies were related to only J. phoenicea grown in the north Mediterranean basin [7] . The aim of this work was to investigate the chemical composition and antibacterial activity of the essential oil from the leaves of J. phoenicea growing in Morocco.
The essential oil yield obtained from J. phoenicea leaves was 0.85%. This is higher than those obtained from leaves of the species from Portugal and Greece (0.41% and 0.58%, respectively) [8] , but lower than that of plants previously studied from Morocco (collected from region of Boulmane) [9] and Algeria [10] (1.62% and 0.52%, respectively). Quantitative determination of the essential oils from this species reveals its richness in secondary metabolites. Results of the chemical composition of the essential oils of the leaves are listed in Table 1 , where the constituents are listed in order of their elution from a silica capillary column. The GC-MS analysis of the total oil of J. phoenicea resulted in the detection and identification of 45 components, constituting 72% of the oil. This oil is a complex mixture of monoterpenes, sesquiterpenes and their oxygenated derivatives. The essential oil was constituted mainly of α-pinene (38.2%), δ-3-carene (7.6%), α-cadinol (4%), γ-cadinene (3%), p-cymene (1.7%), limonene (1.1%) and 13-epi-manyole oxide (1.3%). This RI= Retention Indices on HP-5MS apolar column,: A : Marrakech, *B: Boulemane J. [9] , **C: Algeria J. [10] , RIa : Retention Index on HP-5MS, RIb : Retention Index on Rtx-Wa, t: trace composition does not differ greatly from that of J. phonicea oil from Greece and Spain, which are rich in myrcene (4.5 and 4%, respectively), and β-phellandrene (3.5 and 5.9%, respectively). Subspecies turbinata oils of Spain and Portugal had levels of α-pinene (28.3 and 34.1%, respectively) and α-terpenyl acetate (15.5 and 12.5% respectively) that were much lower [11] . The chemical compositions of the leaf oil of J. phoenicea collected in the Atlas median region (Tafersoust) of north Morocco B [9] and from Sidi Safi-Tlemcen, Algeria C [10] , are shown in Table 1 . The main constituents (>1%) of the essential oils of J. phoenicea collected from different locations (S1: Amassine (altitude: 2700 m); S2: Ourika (1500 m); S3: Asni (1300 m); and S4: Essaouira (180 m)) in the Tensift Al Haouz area of Marrakech are presented in Table 2 . The main components of the oils (fresh and dry materials) were α-pinene, δ-3-carene, γ-cadinene, 1-epi-cubenol and α-cadinol.
Antibacterial activity:
Results of the antibacterial activity of the essential oil from J. phoenicea from Marrakech against several strains of bacteria that are responsible for urinary tract infections are shown in Table 2 . As has been reported in the literature, we considered that an essential oil has bacteriostatic action if the diameter of inhibition is greater than either 12 mm [11,12a] or 15 mm [12b]. Our essential oils were very active against all strains tested, except Pseudomonas. Moreover, our results showed a large variability in the bacteriostatic quality of the essential oils against the different strains. Finally, both Escherichia coli and Staphylococcus aureus were very sensitive to the oils.
We compared our results with those of Hayoun et al. [13] , who studied the antimicrobial effects of J. phoenicea essential oil on several bacterial strains, including Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa and Klebsiella pneumonia. We obtained the same results for P. aeruginosa (7.1 mm) and S. aureus (21.8 mm). In contrast, they showed low activity against Klebsiella pneumonia (11.5 mm) and Escherichia coli (13 mm) compared with our results; this could be due to their strains being more resistant than ours.
We report in Table 3 the minimum inhibitory concentrations (MIC) of J. phoenicea essential oil obtained by the direct agar contact method. MICs are inversely proportional to the diameters of the inhibition zones obtained with the antibioaromatogramme [14] . Strains of Pseudomonas aeruginosa (reference and clinical) are the most resistant, only being inhibited at very high concentrations of essential oil (greater than 15980 µg/mL). Strains of Klebsiella (reference and clinical) were inhibited at 2180 µg and 2230µg/mL, respectively. The reference and clinical strains of Proteus were inhibited from the same threshold concentration of essential oil or from 1300 to 1510 µg/mL. Finally, the most sensitive bacteria were Staphylococcus aureus and Escherichia coli inhibited at MICs significantly lower than those obtained with other strains, or between 600 and 1210 µg/mL. The results for the minimal inhibitory quantities (MIQ) obtained by the micro-atmosphere technique based on the activity of volatile substances are summarized in Table 3 .
It should be noted that this method does not confirm the results obtained with either the direct contact agar method or the antibioaromatogramme. This is because a given volatile compound present in the essential oil responsible for the inhibition of microorganisms by direct contact does not react in the same way as in the vapor phase [15] . By determining the MIQ, we can say that our essential oils affect the growth of all bacteria, until their complete inhibition in the presence of small amounts of essential oils, except for Pseudomonas strains that are resistant to quantities of about 800 µL. Moreover, there is a variable efficiency of the oils on the rest of the bacterial strains, regardless of their Gram status. K. pneumoneae, P. mirabilis and E. coli (reference) were more resistant to the vapor phase. They are inhibited to varying amounts by the essential oil (between 107 and 140 µL). However, E. coli (clinical) and S. aureus are the most sensitive, inhibited at very low MIQ, between 90 and 100 µL. Essential oil and antibacterial activity of Juniperus phoenicea Natural Product Communications Vol. 6 (10) 2011 1517 Table 2 : Percentage composition of the essential oil from leaves of J. phoenicea collected from different locations. S1: Amassine (altitude: 2700 m); S2: Ourika (1500 m); S3: Asni (1300 m) and S4: Essaouira (180 m); MF: fresh material; MS : Dry material, IR : Retention Index on HP-5MS 117,79,107,43) 1161 1518 Natural Product Communications Vol. 6 (10) 2011
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GC/MS analysis:
The GC and GC-MS apparatus were respectively HP 6390 and HP 6390 GC systems coupled with a 5973 network mass selective detector system, and a HP-5MS (30 m x 0.25 mm, film thikness 0.25µm) capillary column. The injector and detector temperatures were 250 and 280°C, respectively. One % of sample was injected in the split mode ratio of 1:60. The oven temperature program was initiated at 60°C, raised to 250°C at a rate of 3°C/min, and held for 15 min. Helium was used as the carrier gas at a flow rate 1 mL/min. For GC-MS detection an electron ionisation system was used with an ionisation energy of 70 eV. Scan time and mass range were 1s and 300 m/z, respectively. The identification of volatile components was based on comparison of their MS and literature data [16] .
Microbial strains used:
The antimicrobial activity of the essential oil was analyzed using the following strains: Pseudomonas aeruginosa (ATCC 27853), Klebsiella pneumoneae (ATCC 27736), Proteus mirabilis (ATCC 7002), Escherichia coli (ATCC 25922) and Staphylococcus aureus (ATCC 33862). The strains that are not referenced were obtained from the microbiology laboratory of the hospital of Ain Tedless Mostaganem (Algeria) and were isolated from infected urine. They were then identified on API 20 E plates for Enterobacteriaceae and API Staph for Staphylococcus aureus. Bacterial suspensions were made in Mueller Hinton broth to a concentration of approximately 10 8 cfu/mL using standard routine spectrophotometric methods. Antibacterial activity of the essential oil was assessed using the paper disk agar diffusion method [11, 17] .
